=> d his 



i^mjj^ mpo, ^-2^ mm^^/imxiQ;) 



(FILE 'HOME' ENTERED AT 09:31:44 ON 21 JUL 2006) 

FILE 'HCAPLUS, INSPEC, JAPIO, USPATFULL, USPAT2, INPADOC ENTERED AT 
09:32:14 ON 21 JUL 2006 

LI 528080 S (WAFER*) 

L2 78348 S (SI OR SILICON) ( 8A) (SINGLE (W) CRYSTAL* OR MONO (W) CRYSTAL* ) 

L3 16806 S (DOP?) (8A) (NITROGEN) 

L4 44134 S (CZ OR CZOCHRALSKI) 

L5 12584170 S (CONTROL? OR ALTER? OR VARY? OR MANIPULAT?) 

L6 30781 S (DEFEAT? OR ELIMINAT? OR LOWER? OR REDUC? OR DECREAS?) (8A) (VO 

=> s 11 and 12 and 13 and 14 and 15 and 16 

L7 43 LI AND L2 AND L3 AND L4 AND L5 AND L6 

=> s (slic? or cut?) 

L8 2496368 (SLIC? OR CUT?) 

=> s 17 and 18 

L9 38 L7 AND L8 

=> d 19 1-38 abs,bib 

L9 ANSWER 1 OF 38 USPAtVuLL on STN 

AB There is provided a Wethod for manufacturing a silicon wafer 

or a silicon epitaxial wafer capable of imparting an excellent 

IG capability thereta in a stable manner by simultaneously realizing 

higher density of oxiWe precipitates and larger sizes thereof at a stage 

prior to a device fabmcation process. The present invention is a method 

for manufacturing a silicon wafer wherein the silicon 

wafer is subjected to lifeat treatment to impart a gettering 

capability thereto comprising at least the following three steps of: a 

temperature raising step\A for generating oxygen precipitation nuclei; a 

temperature raising step^ for growing the oxygen precipitation nuclei; 

and a constant temperaturV keeping step C for growing the oxygen 

precipitation nuclei into >pxide precipitates of larger sizes. 
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L9 ANSWER 2 OF 38 USPATFULL on STN 
AB The present invention provides an ahnealed wafer which has a 



wafer surface layer serving as a device fabricating region and 
having an excellent o^de film dielectric breakdown characteristic, and 
a wafer bulk layer in which oxide precipitates are present at 
a high density at the itage before the wafer is loaded into 
the device fabrication processes to give an excellent IG capability, and 
a method for manufacturing the annealed wafer. The present 



invention is directed t 
performing heat treatme 
manufactured from a sil 



an annealed wafer obtained by 
t on a silicon wafer 
on single crystal 
grown by the Czochralskil method, wherein a good chip yield of 
an oxide film dielectric ibreakdown characteristic in a region having at 
least a depth of up to 5 Vm from a wafer surface is 95% or 
more, and a density of oxtde precipitates detectable in the 
wafer bulk and each havint a size not smaller than a size 
showing a gettering capabj[lity is not less than 
1+10 . sup. 9/cm. sup. 3. 
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Annealed wafer and anneald ^afer manufacturing 
method 
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L9 ANSWER 3 OF 38 USPATFULL on STN 
AB There are disclosed a silicon 

wherein the wafer is produced 

silicon single crystal growpf^ 

doping nitrogen according to 

method (CZ method) in t 

the wafer becomes V reg 

generated, and wherein 

20 nm or less 

the wafer is 

wafer wherein 

wafer for epi 

epitaxial waf 

very few SF ex^ 

at low cost. 
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and its manufacturing method 
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L9 ANSWER 4 OF 38 USPATFULL on STN 

AB A process for produoing a single crystal 

silicon wafer comprising a front surface, a back 

surface, a lateral suVface joining the front and back surfaces, a 
central axis perpendiikular to the front and back surfaces, and a segment 
which is axially symmeVric about the central axis extending 
substantially from the Y^ont surface to the back surface in which 
crystal lattice vacanciJbs are the predominant intrinsic point defect, 
the segment having a radVal width of at least about 25% of the radius 
and containing agglomerated vacancy defects and a residual concentration 
of crystal lattice vacancies wherein (i) the agglomerated vacancy 
defects have a radius of Jtess than about 70 nm and (ii) the residual 
concentration of crystal lattice vacancy intrinsic point defects is less 
than the threshold concentmtion at which uncontrolled oxygen 
precipitation occurs upon subjecting the wafer to an oxygen 
precipitation heat treatment. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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L9 ANSWER 5 OF 38 USPATFULL on STN 

AB A silicon single crystal wafer 

grown by the CZ method, which is doped with 
nitrogen and has an N-region for the entire plane and an 
interstitial oxygen concentration of 8 ppma or less, or which is 
doped with nitrogen and has an interstitial oxygen 
concentration of 8 ppma or less, and in which at least void 
type defects and dislocation clusters are eliminated from the 
entire plane, and a method for producing the same. Thus, there are 
provided a defect-free silicon single 

crystal wafer having an N-region for the entire plane. 



in which void type defects and dislocation clusters are 
eliminated, produced by the CZ method under readily 
controllable stable production conditions with a wide 
controllable range, and a method producing the same. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Silicon single crystal wafer and 

production method thereof and soi wafer 
IN lida, Makoto, Gunma, JAPAN 

Kimura, Masanori, Gunma, JAPAN 
P P i . SMn-FJ^ Handotai Co., Ltd., ^toJ^o, JAPAN (non~U.S. corporation) 



US 6843847 



WO 2001036719 
AI US 2001-869912 

WO 2000-JP7809 



Bl 



20050118 

20010525 

20010709 (9) 
20001107 
20010709 
19991112 



PCT 371 date 

PRAI JP 1999-322487 
DT Utility 
FS GRANTED 
EXNAM Primary Examiner: 
LREP Oliff & Berridge, 
CLMN Number of Claims: 
ECL Exemplary Claim: 1 

DRWN 2 Drawing Figure (s); 1 Drawing Page(s) 
LN.CNT 884 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



Kunemund, Robert 

PLC 

21 



L9 ANSWER 6 OF 38 USPATFULL on STN 

AB A method for producing a silicon ingot through pulling up a 

silicon single crystal according to the 
Czochralski method, wherein the silicon single 
crystal is pulled up while being doped with 

nitrogen in such a condition as to form a part having a nitrogen 

content of 5+10. sup. 13 atoms /cm. sup. 3 to 1+10. sup. 15 

atoms/cm. sup , 3 . A silicon wafer having a nitrogen content of 

5+10. sup. 13 atoms/cm. sup. 3 to 1+10. sup. 15 atoms/cm. sup. 3 

which is suitable for being treated with heat in a non-oxidizing 

atmosphere is manufactured of an ingot produced by using the method. The 

method can be used for producing a silicon wafer being 

doped with nitrogen and having satisfactory 

characteristics for use in a semiconductor device. 
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for evaluation of silicon wafer 
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L9 ANSWER 7 OF 38 USPATFUI^ on STN 
AB There is provided a method for manufacturing a silicon wafer 

or a silicon epitaxial \wafer capable of imparting an excellent 
IG capability thereto iVi a stable manner by simultaneously realizing 
higher density of oxideV precipitates and larger sizes thereof at a stage 
prior to a device fabrication process. The present invention is a method 
for manufacturing a silicon wafer wherein the silicon 
wafer is subjected to hekt treatment to impart a gettering 
capability thereto comprJ^ing at least the following three steps of: a 
temperature raising step for generating oxygen precipitation nuclei; a 
temperature raising step A for growing the oxygen precipitation nuclei; 
and a constant temperature\ keeping step C for growing the oxygen 
precipitation nuclei into c^ide precipitates of larger sizes. 

CAS INDEXING IS AVAILABLE FOR THIs\pATENT. 
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L9 ANSWER 8 OF 38 USPATFULL on STN ^ 

AB The present invention relates tb single crystal 

silicon, ingot or wafer form, wMch contains an 

axially symmetric region in whiqh vacancies are the predominant 
intrinsic point defect, is substantially free of oxidation induced 
stacking faults and is nitrogen doped to stabilize 

oxygen precipitation nuclei there\Ln, and a process for the preparation 

thereof . 
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oxidation induced stacking faults 
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L9 ANSWER 9 OF 38 USPATFULL on STN 

AB There are provided a silicon wafer for epitaxial growth 

wherein a void type defect is not exposed on the surface where an 

epitaxial layer is grown, and a method for producing an epitaxial 

wafer comprising measuring the number of the void type defects 

exposed on the surface of a silicon wafer and/or the number of 

the void type defects which exist in the part to the depth of at least 

10 nm from the surface of the silicon wafer, choosing the 

silicon wafer wherein the number of these void type defects is 

smaller than the predetermined value, and growing an epitaxial layer on 

the surface of the chosen silicon wafer. Thereby, there can be 

provided a silicon wafer for epitaxial growth wherein 

generation of SF is reduced and epitaxial wafer, and a method 

for producing it. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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wafer, and method of manufacture thereof 
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L9 ANSWER 10 OF 38 USPATFULL on STNa 

AB The present invention provides a silicon single 

crystal wafer having a diameter bf 300 mm or more and 

having a defect-free layer containing no COP for a depth of 3 fim or 

more from a surface and a method ttor producing a silicon 

single crystal, wherein, when a silicon 

single crystal having a diameter df 300 mm or more is 

pulled with nitrogen doping by theVCZ 

method, the crystal is grown with d value of V/G [mm. sup. 2/K. cndot .min] 
of 0.17 or less, where V [mm/min] ite a pulling rate, and G [K/mm] is an 
average of temperature gradient in the crystal along a pulling axis from 
the melting point of silicon to 1400° C. Thus, there are 
established conditions for pulling a\silicon single 
crystal and conditions for heat treattnent of wafer for 
obtaining a silicon single crystal \ 

wafer having a defect-free layer f ree Vrom COP for a sufficient 
depth of the surface layer by pulling k silicon single 
crystal having a diameter of 300 mm or Jnore, processing the 



crystal into wafers and subjecting the wafers to the 
heat treatment. 
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ANSWER 11 OF 38 USPATFULL 

According to the present i^Qvention, there are provided a method for 
producing a silicon single Crystal 

wafer which contains oxygen vLnduced defects by subjecting a 
silicon single crystal wai 

to a heat treatment wherein the heat 
step of performing a heat treatment using 
treatment furnace and a step of 
ing a rapid heating and rapid cooling 
crystal 

Shere can be provided a method for 

producing a silicon single crysital 

wafer which has a D2 layer of hjLgher quality compared with a 
conventional wafer in a wafer surface layer part and 

has oxygen induced defects at al sufficient density in a bulk part and 
the silicon sin^gle crystal wafej 



ifer) 

containing interstitial oxyg 
treatment includes at least a 
a resistance-heating type hea 
performing a heat treatment u 
apparatus, and a silicon si 
wafer produced by the method 



ngl\ 
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L9 ANSWER 12 OF 38^ USPATFlJLL on STN 
AB The present invention! provides a CZ silicon wafer, 

wherein the wafer includes rod-like void defects and/or 
plate-like void defects inside thereof, and a CZ silicon 
wafer, wherein ^the silicon wafer includes void defects 
inside the wafer, a maximum value of a ratio between long side 
length LI and short sijde length L2 (L1/L2) in an optional rectangle 

defect image projected on an optional {110} plane 

silicon wafer including rod-like void 
-ke void defects inside the wafer, 
pensity of the silicon wafer at a depth 
of from the wafer surface to at least 0.5 jim after the heat 
treatment is 1/2 or leas than that of inside the wafer. 
According to this, the bilicon wafer, which is suitable for 
expanding reducing effett of void defects by heat 
treatment up to a deepe|* region, can be obtained. 
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A silicon semiconductor substrate which! realises a defect-free region of 
void type crystals to a greater depth aAd allows the duration of 
production to be decreased and a method \f or the production thereof are 
provided. 



Means to fulfil the task: A silicon semic\onductor substrate 
derived from a silicon single crystal 

grown by the Czochralski method or the magnetic field-applied 
Czochralski method, which is obtainable b^ using a silicon 
semiconductor substrate satisfying the relational expression, 
0.2>V/S/R, providing V denotes the volume bf void type defects, S 
the surface area thereof, and R the radiusiof spherical defects presumed 
to have the same volume as the void type d^ects having the volume of V, 
and heat-treating this substrate at a temperature exceeding 1150* 
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According to the present invention, there is disclosed a silicon 
single crystal wafer grown according to the 
CZ method which is a wafer having a diameter of 200 mm 
or more produced from a single crystal grown at a growth rate of 0.5 
mm/min or more without doping except for a dopant for 
controlling resistance, wherein neither an octahedral void 
defect due to vacancies nor a dislocation cluster due to interstitial 
silicons exists as a grown-in defect, and a method for producing it. 
There can be provided a high quality silicon single 
crystal wafer having a large diameter wherein a 
silicon single crystal in which both of 

octahedral void defects and dislocation clusters which are growth 
defects are substantially eliminated is grown at higher rate compared 
with the conventional method by the usual CZ method, and 
furthermore by controlling a concentrations of interstitial 
oxygen in the crystal to be low, a precipitation amount is lowered and 
ununiformity of BMD in a plane of the wafer is improved, and 
provided a method for producing it. 
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AB An improved method of obtljining a wafer exhibiting high 

resistivity and high getteVing effect while preventing the reduction of 
resistivity due to the generation of oxygen donors provided by: a) using 
the CZ method to grow a sil^on single 



crystal ingot having a resistivit 
more, preferably 1000 O.multidot 
oxygen concentration of 10 to 40 
electrically inactive material sud 
processing the ingot into a wafer. 



of 100 Q.multidot . cm or 
;m, and an initial interstitial 
ma while doping the crystal with an 

as nitrogen, carbon, or tin, b) 
and c) subjecting the 
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wafer to an oxygen precipitation hAat treatment whereby the 
residual interstitial oxygen conter\t in the wafer is reduced 
to about 8 ppma or less. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
AN 2003:156880 USPATFULL 

TI High resistivity silicon wafer havin 

dopant and method of producing same 
Kononchuk, Oleg V., Brush Prairie, W. 
Koveshnikov, Sergei V., Vancouver, 
Radzimski, Zbigniew J., Brush Prairie' 
Weaver, Neil A., Battle Ground, WA, U 
SEH America, Inc. (U.S. corporation) 
US 2003106482 Al 
US 6673147 B2 
US 2001-8404 Al 
Utility 
APPLICATION 

ALSTON & BIRD LLP, BANK OF AMERICA PLA 
4000, CHARLOTTE, NC, 28280-4000 
Number of Claims: 33 
Exemplary Claini^: 1 
1 Drawing Page(s) 
LN.CNT 691 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



20030612 
20040106 
20011206 



(10) 



101 SOUTH TRYON STREET, SUITE 



L9 
AB 



STN 



ANSWER 16 OF 38 USPATFULL oi] 

A silicon semiconductor sutistrate is obtained by deriving a 
silicon semiconductor substrate from a silicon 
single crystal grown by the\ Czochralski 
method from a molten silicon containing not less than 
1+10. sup. 16 atoms/cm. sup. 3 and not more than 1 . 5+10 . sup . 19 
atoms/cm. sup. 3 of nitrogen aAd heat-treating the silicon semiconductor 
substrate at a temperature ofl not less than 1000° C. and not more 
than 1300° C. for not less thkn one hour and is characterized by 
the fact that the density of drystal defects measuring not less than 0.1 
M-m as reduced to diameter is nbt more than 10. sup. 4 pieces/cm . sup . 3 
at least in the region reaching a depth of 1 ^m from the surface of 
the substrate and the nitrogen Icontent at the center of thickness of the 
silicon semiconductor substrata is not less than 1+10. sup. 13 
atoms/cm. sup. 3 and not more thah 1+10. sup. 16 atoms/cm. sup . 3 . 
\ 
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L9 ANSWER 17 OF 38 USPATFULL on STN 
AB A silicon single crystal wafer 

for epitaxial growth grown by the CZ method, which is 

doped with nitrogen and has a V-rich region over its 

entire plane, or doped with nitrogen, has an OSF 

region in its plane, and shows an LEP density of 20/cm.sup.2 or less or 

an OSF density of 1+10 . sup . 4/cm. sup. 2 or less in the OSF region, 

epitaxial wafer utilizing the substrate, as well as methods 

for producing them and method for evaluating a substrate suitable for an 

epitaxial wafer. There are provided a substrate for an 

epitaxial wafer that suppresses crystal defects to be 

generated in an epitaxial layer when epitaxial growth is performed on a 

CZ silicon single crystal 

wafer doped with nitrogen and also has 

superior IG ability, epitaxial wafer utilizing the substrate, 

as well as methods for producing them and method for evaluating a 

substrate suitable for an epitaxial wafer. 
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L9 ANSWER 18 OF 38 USPATFULL on STN 
AB A silicon wafer obtained by slic 
silicon single crystal ingot gro 
Czochralski method with or withou 
doping, wherein the silicon wafer 
NV-region containing an OSF ring r 
entire plane and has an interstitia 



a 

by the 
nitrogen 
s an NV-region, an 

ion or an OSF ring region for its 
oxygen concentration of 14 ppma or 



less, and a method for producing it,)\as well as a method for evaluating 



defect regions of a silicon water. Thus, there are provided a 



silicon wafer that stably prov 
regardless of position in crys 
method for producing it. Furth(j 



wafer of which pulling conditions are unknown and thus of which 



defect regions are also unknown 
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r, defect regions of a silicon 



can be evaluated. 
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A silicon semiconductor substrbte has a structure possessing oxygen 
precipitate defects fated to firm gettering sites in a high density 
directly below the defect-free Vegion of void type crystals. The silicon 
semiconductor substrate is formed by heat-treating a silicon 
semiconductor substrate derived Yfrom a silicon single 
crystal grown by the CzochralskiVmethod or the 

magnetic field-applied Czochralsp method and characterized by 

Lon (Oi DZ)-(COP DZ)<10 
se zone of oxygen precipitate crystal 
^n devoid of a void type defect 
size, and having not less than 
:al defects per cm. sup. 3. The 
pprises the steps of deriving a 



satisfying the relational express 
wherein Oi DZ denotes a defect-fr^ 
defects and COP DZ denotes a regil 
measuring not less than 0.11 ^m ir 
5+10. sup. 8 oxygen precipitate crys 
method for making the substrate 
silicon semiconductor substrate frim a silicon 
single crystal grown by the Czochrauski 

method or the magnetic f ield-applieffl Czochralski method using 
molten silicon containing not less tidian 5+10. sup. 17 atoms and not 
more than 1 . 5+10 . sup. 19 atoms of nitrogen per cm. sup. 3 and 
heat-treating the silicon semiconductor substrate in a non-oxidizing 
atmosphere at a highest final temperajture of not lower than 1150' 
C. for not less than one hour. 
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L9 ANSWER 20 OF 38 USPATFULL Ibn STN 
AB There is provided a methofe of producing a bonded SOI wafer 

wherein a silicon single arystal ingot is 

grown according to CzochravLski method, the single 

crystal ingot is then sliced to produce a 

silicon single crystal wafer, the 

silicon single crystal wafer is 

subjected to heat treatment! in a non-oxidizing atmosphere at a 
temperature of 1100"" C. to tsOO" C. for one minute or more 
and continuously to a heat treatment in an oxidizing atmosphere at a 
temperature of 700° C. to li00° C. for one minute or more 
without cooling the wafer to\a temperature less than 
700^ C. to provide a silicon \single 
crystal wafer wherein a siliqon oxide film 

the resultant wafer is used as 
301 wafer produced by 
the method. There can be provided a SOI wafer that has a SOI 
layer having few crystal defeits, good surface roughness and high 
quality in high productivity, lin high yield and with low cost. 
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Method of producing a bonded w4fer and the bonded 

wafer 
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AB There is provided a method of produfcing a bonded SOI wafer 

wherein a silicon single crystal ingot is 
grown according to Czochralski methoti, the single 
crystal ingot is then sliced to produce a 
silicon single crystal wafer, the 
silicon single crystal wafer is 

subjected to heat treatment in a non-dxidizing atmosphere at 
temperature of 1100** C. to 1300° C. fob one minute or more 
and continuously to a heat treatment in an oxidizing atmosphere at a 

temperature of 700° C. to 1300° C. forlone minute or more 
without cooling the wafer to a temperatjure less than 
700° C. to provide a silicon single 
crystal wafer wherein a silicon oxide fUlm 



is formed on the surface, and the resultant wafer is used as 
the bond wafer, and a bonded BOI wafer produced by 
the method. There can be provided a SOI wafer that has a SOI 
layer having few crystal defedts, good surface roughness and high 
quality in high productivity, p.n high yield and with low cost. 
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L9 ANSWER 22 OF 38 USPATFULL on 
AB The present invention provi 

sliced from a silicon singl 
ingot grown by the Czochral 



STN 

cies a silicon wafer 
€i crystal 

5 ki method under such conditions 



that V-rich region should become dominant, wherein count number of 
particles having a size of 0.1 \xm or more is 1 count/cm . sup . 2 or less 
when particles are counted by using a particle counter and a method for 
producing a silicon single crystal. Thus, 

there is provided a production technique that can improve productivity 
and reduce cost for high qua«.ity silicon wafers of excellent 
device characteristics by further reducing density and size of defects 
such as COP. 
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A single crystal silicon wafer 
comprising a front surface, a 
the front and back surfaces, a 
and back surfaces, and a segment 



ck surface, a lateral surface joining 
qentral axis perpendicular to the front 
which is axially symmetric about the 



central axis extending substantially from the front surface to the back 



surface in which crystal lattice 
point defect, the segment having 
the radius and containing agglom 
concentration of crystal lattice 
vacancy defects have a radius of 
residual concentration of crysta 
defects is less than the thresho 
oxygen precipitation occurs upon 



oxygen precipitation heat treatment 
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a radial width of at least about 25% of 
crated vacancy defects and a residual 
vacancies wherein (i) the agglomerated 
less than about 70 nm and (ii) the 

lattice vacancy intrinsic point 
d concentration at which uncontrolled 
subjecting the wafer to an 
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L9 ANSWER 24 OF 38 USPATFULL on StI 
AB Epitaxial wafers showing marke 

from silicon single crystals d 
or not doped with nitrogen wit 
additional heat treatment proc 
epitaxial layer defects. Accor 
epitaxial layer is allowed to 
sliced from a single crystal p 
rate of not less than 7.3° C./ 
1200-1050° C. in the step of p 
second manufacturing method, a 
the surface of a silicon wafer 
a silicon single crystal doped 
1+10. sup. 12 atoms/cm. sup. 3 to 1 
produced by employing a cooling 
in the temperature range of 115 
of not more than 1.2° C./min in 
1000-850° C. in the step of pul 



IG effects can be manufactured 
ped 

out requiring any 

ss step while reducing the density of 
ing to the first manufacturing method, an 
row on the surface of a wafer 
oduced by employing a cooling 
in in the temperature range of 
[lling up thereof. According to the 
epitaxial layer is allowed to grow on 
liced from 
ith 

10. sup. 14 atoms /cm. sup. 3 as 
rate of not less than 2.7° C./min 
-1020° C. and then a cooling rate 
the temperature range of 
ing up thereof. 
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AB A method of manufacturing a £ ilicon wafer with robust 

gettering sites and a low coiicentration of surface defects is provided. 
The method comprises adding polycrystalline silicon to a crucible; 
adding a nitrogen-containing dopant to the crucible; 
heating the crucible to form a nitrogen-doped 

silicon melt; pulling a silicon crystal from the melt according to the 
Czochralski technique; formipg a silicon wafer from 

the silicon wafer includes a 
front surface and a back surface; placing the silicon wafer 
into a deposition chamber; heating the wafer; and 

epitaxial first film of a desired compound 
onto the front surface of thle wafer and a second film of the 
desired compound onto the back surface of the wafer. 
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L9 ANSWER 26 OF 38 USPATFULL on STN 
AB A low-cost method of manufacturing a 



provided. The method comprises provicjing a crucible for melting silicon; 
adding silicon to the crucible; melt 
applying an electrical potential acr 

crystal from the melt according to the Czochralski technique 



silicon wafer is 



ng the silicon to form a melt; 
ss the crucible; pulling a silicon 



at a pulling rate of greater than 
wafer from the silicon crystal. tAb 
adding a nitrogen-containing dopant 
Furthermore, the method may include 
an alkaline etching solution, and 
The method may also include simu 
film on the frontside of the wafe 
backside of the wafer, wherein the 
impurities on the backside of the 
not contaminate the frontside of 
first film is being grown. 



1.1 mm/min; and forming a silicon 
method may also include 
to the crucible, 
etching the wafer first in 
then in an acidic etching solution. 
Itjaneously depositing an epitaxial first 
and a second film on the 
second film traps 
wafer so the impurities do 
he wafer while the epitaxial 
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AB There are disclosed a method for plroducing an SOI substrate comprising 

forming an oxide layer on a surfac^ of at least one silicon 
wafer among two silicon wafers, closely contacting one 
wafer with the other wafer so that\the oxide layer 
should be interposed between them, \subjecting the wafers to a 
heat treatment to firmly bond the vkfers, and making a device 
processing side wafer thinner to a desired thickness, wherein 
a silicon single crystal wafer 1 
obtained by growing a silicon single* crystal 
ingot doped with nitrogen by the Czochralski 
method, and slicing the single crystal 
ingot into a silicon single crystal 

wafer is used as the device processing side wafer, and 

an SOI substrate produced by the metiod. The present invention provides 
a method for producing SOI substrates, in particular thin film SOI 
substrates having an SOI layer thick less of 1 jam or less, exhibiting 
a small crystal defect size in the SOI layer, and SOI substrates with 
low cost and high productivity. 
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L9 ANSWER 28 OF 38 USPAT2 on ST^ 

AB There is provided a method fbr manufacturing a silicon wafer 

or a silicon epitaxial wafer \capable of imparting an excellent 
IG capability thereto in a stUble manner by simultaneously realizing 
higher density of oxide precibitates and larger sizes thereof at a stage 
prior to a device fabrication! process . The present invention is a method 
for manufacturing a silicon wkfer wherein the silicon 
wafer is subjected to heat treatment to impart a gettering 
capability thereto comprising lat least the following three steps of: a 
temperature raising step A foil generating oxygen precipitation nuclei; a 
temperature raising step B fod growing the oxygen precipitation nuclei; 
and a constant temperature keying step C for growing the oxygen 
precipitation nuclei into oxidj^ precipitates of larger sizes. 
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L9 ANSWER 29 OF 38 USPAT2 on STN 

AB The present invention provides a Silicon single 

crystal wafer having a diameter ofi 300 mm or more and 
having a defect-free layer containing no COP for a depth of 3 |xm or 
more from a surface and a method f®r producing a silicon 
single crystal, wherein, when a siMcon 
single crystal having a diameter o^ 300 mm or more 
pulled with nitrogen doping by the 
method, the crystal is grown with a 
[mm. sup. 2/K.multidot .min] of 0.17 o 
rate, and G [K/mm] is an average of 

along a pulling axis from the melting point of silicon to 1400 
C. Thus, there are established conditions for pulling a silicon 
single crystal and conditions for heat treatment of 



IS 



Rvalue of V/G 

less, where V [mm/min] 
:emperature gradient in 



is a pulling 
the crystal 



wafer for obtaining a silicon single 

crystal wafer having a defeit-free layer free from COP 
for a sufficient depth of tne surface layer by pulling a silicon 
single crystal having a diaitteter of 300 mm or more, 
processing the crystal into wafers and subjecting the 
wafers to the heat treatment 
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L9 ANSWER 30 OF 38 USPAT2 on ST 

AB According to the present indention, there are provided a method for 
producing a silicon single cpystal 

Induced defects by subjecting a 



treatment includes at least 
a resistance-heating type he 
performing a heat treatment 



wafer which contains oxygen 

silicon single crystal wafer! 

containing interstitial oxygen to a heat treatment wherein the heat 

step of performing a heat treatment using 

treatment furnace and a step of 
ing a rapid heating and rapid cooling 
apparatus, and a silicon singlLe crystal 

wafer produced by the method. \ There can be provided a method for 
producing a silicon single crystal 

wafer which has a DZ layer of jhigher quality compared with a 
conventional wafer in a wafer Isurface layer part and 

has oxygen induced defects at U sufficient density in a bulk part and 
the silicon single crystal wafer 
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L9 ANSWER 31 OF 38 USPAT2 on ST^ 

AB A silicon semiconductor substrate which realizes a defect-free region of 

void type crystals to a greaner depth and allows the duration of 
production to be decreased arid a method for the production thereof are 
provided. A silicon semiconductor substrate derived from a 
silicon single crystal grown Ay the 
Czochralski method or the magr^tic field-applied 
Czochralski method, which is obtainable by using a silicon 
semiconductor substrate satisfying the relational expression, 
0.2^V/S/R, providing V denotes Vthe volume of void type defects, S 
denotes the surface area thereor, and R denotes the radius of spherical 
defects presumed to have the same volume as the void defects having the 
volume of V, and heat treating tihis substrate at a temperature exceeding 
1150° C. 

CAS INDEXING IS AVAILABLE FOR THIS PATEb 
2003: 194709 USPAT2 

Silicon semiconductor substrate aiid method for production thereof 
Tachikawa, Akiyoshi, Yamaguchi, JAPAN 
Ishisaka, Kazunori, Yamaguchi, JAHAN 

Wacker Siltronic Gesellschaft FurlHalbleiter Materialien AG, Burghausen, 
GERMANY, FEDERAL REPUBLIC OF (non-b.S. corporation) 



AN 
TI 
IN 

PA 

PI 
AI 

PRAI 

DT 

FS 

EXNAM 
LREP 

CLMN 
ECL 
DRWN 
LN.CNT 



B2 



US 6767848 
US 2002-241180 
JP 2001-280460 
Utility 
GRANTED 

Primary Examiner: Nhu, 
Collard & Roe, P.C. 

Number of Claims: 10 
Exemplary Claim: 1 
0 Drawing Figure (s); 0 
1012 



20040727 
20020911 
20010914 



David 



(tO) 



Drawing Page 4s) 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L9 ANSWER 32 OF 38 USPAT2 on STN 

AB According to the present invention, there is disclosed a silicon 

single crystal wafer grown according to the 
CZ method which is a wafer having a diameter of 200 mm 
or more produced from a single \crystal grown at a growth rate of 0.5 
mm/min or more without doping ekcept for a dopant for 
controlling resistance, whereinv neither an octahedral void 
defect due to vacancies nor a diislocation cluster due to interstitial 
silicons exists as a grown~in deVect, and a method for producing it. 
There can be provided a high qua\ity silicon single 



ter wherein a 
th of 

tion clusters which are growth 

d is grown at higher rate compared 



crystal wafer having a large dian 
silicon single crystal in which b\ 
octahedral void defects and disloc 
defects are substantially eliminate 

with the conventional method by thh usual CZ method, and 
furthermore by controlling a concentrations of interstitial 
oxygen in the crystal to be low, a Precipitation amount is lowered and 
ununiformity of BMD in a plane of th^ wafer is improved, and 
provided a method for producing it, 
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L9 ANSWER 33 OF 38 USPAT2 on STN 
AB An improved method of obtainin 

resistivity and high gettering \e 
resistivity due to the generati] 
the CZ method to grow a silicon 
crystal ingot having a resistiv 
more, preferably 1000 Q.multido 
oxygen concentration of 10 to 4 
electrically inactive material s' 
processing the ingot into a wafe 
wafer to an oxygen precipitation 
residual interstitial oxygen con 
to about 8 ppma or less. 



a wafer exhibiting high 

ffect while preventing the reduction of 
n of oxygen donors provided by: a) using 

single 

ty of 100 Q.multidot . cm or 
.cm, and an initial interstitial 
ppma while doping the crystal with an 
ch as nitrogen, carbon, or tin, b) 
, and c) subjecting the 
heat treatment whereby the 
ent in the wafer is reduced 
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L9 ANSWER 34 OF 38 USPAT2 on STN 

AB There is provided a method of proclucing a bonded SOI wafer 

wherein a silicon single crystal ingot is 
grown according to Czochralski method, the single 
crystal ingot is then sliced to prAduce a 



corporation) 



silicon single crystal wafei , the 
silicon single crystal wafej is 

subjected to heat treatment in a non-oxidizing atmosphere at a 

temperature of 1100° C. to JSOO^ C. for one minute or more 

and continuously to a heat treatment in an oxidizing atmosphere at a 

temperature of 700*" C. to 1300° C. for one minute or more 

without cooling the wafer to\ a temperature less than 



700 C. to provide a silicon 



crystal wafer wherein a silicon oxide film 



is formed on the surface, anc 
the bond wafer, and a bonded 



single 



the resultant wafer is used as 
SOI wafer produced by 
the method. There can be pro^iided a SOI wafer that has a SOI 
layer having few crystal defects, good surface roughness and high 
quality in high productivity, in high yield and with low cost, 
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L9 ANSWER 35 OF 38 USPAT2 on STN 

AB The present invention provides \a silicon wafer 

sliced from a silicon single crystal 

ingot grown by the Czochralski aiethod under such conditions 
that V-rich region should becom* dominant, wherein count number of 
particles having a size of 0.1 dm or more is 1 count /cm. sup. 2 or less 
when particles are counted by uaing a particle counter and a method for 
producing a silicon single crystWl. Thus, 

there is provided a production technique that can improve productivity 
and reduce cost for high quality Isilicon wafers of excellent 
device characteristics by furtheq reducing density and size of defects 
such as COP. 
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ANSWER 36 OF 38 □SPAT2 on 
A single crystal silicon 
comprising a front surface 
the front and back surface 



Felisa 



\jing Page(s) 
i PATENT. 
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Lfer 



a back surface, a lateral surface joining 
a central axis perpendicular to the front 



and back surfaces, and a sagment which is axially symmetric about the 



central axis extending subs 
surface in which crystal la 
point defect, the segment hi 



lantially from the front surface to the back 
:tice vacancies are the predominant intrinsic 
kving a radial width of at least about 25% of 
the radius and containing agglomerated vacancy defects and a residual 
concentration of crystal lattice vacancies wherein (i) the agglomerated 
vacancy defects have a radiu* of less than about 70 nm and (ii) the 
residual concentration of crystal lattice vacancy intrinsic point 
defects is less than the thr^hold concentration at which uncontrolled 
oxygen precipitation occurs ubon subjecting the wafer to an 
oxygen precipitation heat treatment. 
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AB Epitaxial wafers showing marked 1^ effects can be manufactured 

from silicon single crystals dopec 
or not doped with nitrogen withoutl requiring any 

additional heat treatment process itep while reducing the density of 
epitaxial layer defects. According \to the first manufacturing method, an 
epitaxial layer is allowed to grow Ion the surface of a wafer 

sliced from a single crystal produded by employing a cooling 
rate of not less than 7.3° C./min iV the temperature range of 
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1200-1050"* C. in the step of pullinci 
second manufacturing method, an epii 
the surface of a silicon wafer sliced from 
a silicon single crystal doped with 
1+10. sup. 12 atoms/cm. sup. 3 to 1+10.5 
produced by employing a cooling rat€ 



up thereof. According to the 
axial layer is allowed to grow on 



up. 14 atoms/cm. sup. 3 as 
of not less than 2.7** C./min 



in the temperature range of ] 
of not more than 1.2^ C./min 

1000-850° C. in the step of dulling up thereof. 



CAS INDEXING IS AVAILABLE FOR THIS lATENT. 



AN 
TI 

IN 



PA 



150-1020° C. and then a cooling rate 
in the temperature range of 



2002:30419 USPAT2 

Method of manufacturing epitajxial wafer and method of 
producing single crystal as njaterial therefor 
Ono, Toshiaki, Saga, JAPAN 
Tanaka, Tadami, Saga, JAPAN 
Asayama, Eiichi, Saga, JAPAN 
Nishikawa, Hideshi, Saga, JAP^N 
Horai, Masataka, Saga, JAPAN 
Sumitomo Mitsubishi Silicon C 
corporation) 

B2 20041328 
20010di20 
20000622 
20000626 



>rporation, Tokyo, JAPAN (non-U. S. 



PI US 6835245 

AI US 2001-883922 

PRAI JP 2000-188176 
JP 2000-190631 
DT Utility 
FS GRANTED 

EXN/^ Primary Examiner: Norton, Nadi 

Matthew A. 
LREP Westerman, Hattori, 
CLMN Number of Claims: 5 
ECL Exemplary Claim: 1 
DRWN 8 Drawing Figure (s) 
LN.CNT 1049 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



(9) 



Daniels 



G.; Assistant Examiner: Anderson, 
rian, LLP 



5 Drawing Fage(s) 



L9 
AB 



CAS 

AN 

TI 

IN 



PA 
PI 
AI 
RLI 



DT 
FS 



ANSWER 38 OF 38 USPAT2 on STN ] 

A low-cost method of manuf actuting a silicon wafer is 

provided. The method comprises jproviding a crucible for melting silicon; 

adding silicon to the cruciblei melting the silicon to form a melt; 

applying an electrical potential across the crucible; pulling a silicon 

crystal from the melt accordind to the Czochralski technique 

at a pulling rate of greater than 1.1 mm/min; and forming a silicon 

wafer from the silicon crystal. The method may also include 

adding a nitrogen-containing dopant to the crucible. 

Furthermore, the method may include etching the wafer first in 

an alkaline etching solution, and then in an acidic etching solution. 

The method may also include sirr ultaneously depositing an epitaxial first 

film on the frontside of the wafer and a second film on the 

backside of the wafer, wherein the second film traps 

impurities on the backside of the wafer so the impurities do 

not contaminate the frontside cif the wafer while the epitaxial 

first film is being grown. 
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